US008467156B2

a2y United States Patent (10) Patent No.: US 8.467,156 B2

Tsal 45) Date of Patent: Jun. 18, 2013
(54) POWER PROTECTION CIRCUIT (56) References Cited
(75) Inventor: Hsiao-Jen Tsai, Taipei Hsien (TW) U.S. PATENT DOCUMENTS
4,663,580 A * 5/1987 Wortman ...................... 320/153

(73) Assignee: Hon Hai Precision Industry Co., Ltd., . |
New Taipei (TW) cited by examiner

Primary Examiner — Stephen W Jackson

( *) Notice: Subject to any disclaimer, the term of this _ _
(74) Attorney, Agent, or Firm — Altis Law Group, Inc.

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 415 days.

(37) ABSTRACT
(21) Appl. No.: 12/882,150 A power protection circuit includes a power providing unit, a
first and second voltage converters, a first and second
(22) Filed: Sep. 14, 2010 switches, a first and second voltage detecting circuits, and a
first and second warning circuits. The first switch connects
(65) Prior Publication Data between the power providing unit and the first voltage con-

verter. The second switch connects between the power pro-
viding unit and the second voltage converter. The first and
second voltage detecting circuits are respectively connected

US 2012/0033333 Al Feb. 9, 2012

(30) Foreign Application Priority Data to the first and second voltage converters. The first and second
warning circuits are respectively connected to the first and

Aug. 4, 2010 (CN) coovrvnininsiniiinnn 2010 10245124 second voltage detecting circuits. When the input voltage of
(51) Int.Cl the first voltage detecting circuit drops, the first switch turns
H0-2 77 3 00 (2006.01) oil the first voltage converter, the first warning circuit signals

a warning; when the mput voltage of the second voltage

(52) US.Cl. detecting circuit drops, the second switch turns otf the second

USPC e e 361/18 voltage converter, the second warning circuit signals a warn-
(58) Field of Classification Search ing.
USPC e 361/18
See application file for complete search history. 15 Claims, 2 Drawing Sheets
_______________ a1t e e e e 100
s p 31
T 2l 4
Gl ¢ o
UL D11 e
ase rmme aes ................................................... ,.-*'f fﬁ s 818
e RS e
41 I A S— A)ApSIT I S I l’i
R7 R4> Rz ¢ = L ..J et e 10 1
’ ’ L 'Mm,mF_TIEWM_m..., S M} Y j
a v Bl e - 1
R 4] @3R3l Y ee | Re4 1
* - 4 L heeened e A R AR 1
i £ Ree ;
1
E ;
5 1
- ;

n
[ =

LA LI Ll LS Ll LISl nY
Akl bk LELL hkh il k. AL Shkh LALLE

L]
A

—

=




U.S. Patent Jun. 18, 2013

100

Sheet 1 of 2

Power providing unit

------------------------------------------------------------------

First voltage
converter

o
1 "

First voltage

Second switoh T 3 E

-------------------------------------------------------------------

Second voltage | 2@

detecting cirroeunit

First warning
cireyit

converter

Second voltage
detecting ciroult

Second warning 2c

Ccirolit

e L e

- 1G]

US 8,467,156 B2



US 8,467,156 B2

]
F]
a
a
Fi
I
]
F
a
F]
F]
F]
r]
a
|
4
F
F
a
F]
F]
F]
F]
I
F
F
“ b
._“ 2 L L
2 1 e S S O
a _, 4 v
4 t d Fl
A I d F
A d Fl
A d ¢
a b a F
a a wif ot i f
u ] A
A t 4 A f
a i A F
A - . - r
i ] A f
r ] F ¢
4 - 4
t F
a a
a a
Fi

«-ryva rvvv -rFrvrr- v« Gy Y rs€s—s wyYervs rY'vYrs—s refrevy'y vty Cvvers wyv Svvevty vy rs v fyvir cAvv'rt yw'ye ver'vyy vrv'vy's rvvs orvivtv Aor'vtwt wiwrvs

Jun. 18, 2013

U.S. Patent



US 8,467,156 B2

1
POWER PROTECTION CIRCUIT

BACKGROUND

1. Technical Field

The present disclosure relates to a power protection circuit.

2. Description of Related Art

Sometimes, when a component that 1s mounted on a circuit
board malfunctions, current travelling in the circuit board
may greatly increase or the circuit board may short-circuit. It
may also result 1n electric shock or other accidents. In addi-
tion, 1t requires manual mspection and diagnostics for repairs
of the component that 1s malfunctioming, which 1s time-con-
suming and neificient.

Theretfore, 1t 1s desirable to provide a power protection
circuit which can overcome the above problems.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present disclosure can be better under-
stood with reference to the drawings. The components 1n the
drawings are not necessarily drawn to scale, the emphasis
instead being placed upon clearly illustrating the principles of
the present disclosure. Moreover, 1n the drawings, like refer-
ence numerals designate corresponding parts throughout the
several views, and all the views are schematic.

FIG. 1 1s a functional block diagram of a power protection
circuit 1n accordance to an exemplary embodiment.

FI1G. 2 15 a circuit diagram of the power protection circuit of
FIG. 1.

DETAILED DESCRIPTION

Embodiments of the present disclosure will now be
described 1n detail below and with reference to the drawings.

Referring to FIG. 1, a power protection circuit 100, accord-
ing to an exemplary embodiment, 1t 1s applied to a circuit
board (not shown) (e.g., embodied as a portion of the circuit
board) to protect the circuit board when one or more compo-
nents of the circuit board malfunctions. The power protection
circuit 100 includes a power providing unit 10, a first voltage
converter 21, a second voltage converter 22, a first switch 31,
a second switch 32, a first voltage detecting circuit 41, a
second voltage detecting circuit 42, a first warning circuit 51,
and a second warning circuit 52.

The power providing unit 10 1s configured for providing
power to the first voltage converter 21 and the second voltage
converter 22. The first switch 31 1s interconnected between
the power providing unit 10 and the first voltage converter 21.
The second switch 32 1s interconnected between the power
providing unit 10 and the second voltage converter 22. The
first voltage detecting circuit 41 1s electrically connected to
the first voltage converter 21 and the first switch 31 and
configured to detect whether or not the first voltage converter
21 1s malfunctioning. The second voltage detecting circuit 42
1s connected to the second voltage converter 22 and the sec-
ond switch 32 and configured to detect whether or not the
second voltage converter 22 1s malfunctioning. The first
warning circuit 31 is electrically connected to the first voltage
detecting circuit 41 and the second warming circuit 352 1is
clectrically connected to the second voltage detecting circuit
42. When the first voltage detecting circuit 41 detects that the
first voltage converter 21 1s malfunctioning, the first switch 31
turns ol power supply for the first voltage converter 21 and
actuates the first warning circuit 51 to warn user. When the
second voltage detecting circuit 42 detects that the second
voltage converter 22 1s malfunctioning, the second switch 32
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2

turns oil power supply for the second voltage converter 22
and actuates the second warning circuit 52 to warn usetr.

It should be noted that the number of the groups of the
voltage converter, switches, voltage detecting circuit, and the
warning circuit are not limited to two, but can be any number
depending on requirements.

Also referring to FIG. 2, 1n the present embodiment, the

power providing umt 10 1s configured fora 12V power output.
The first voltage converter 21 1s configured for converting the
12V power outputinto a 3V power output. The second voltage
converter 22 1s configured for converting the 12V power
output 1nto a 3.3V power output. An output 212 of the first
voltage converter 21 1s electrically connected to one compo-
nent (not shown), such as, a load, and an output 222 of the
second voltage converter 22 1s electrically connected to
another component (not shown), such as, another load.
The first switch 31 includes a first transistor Q1. The sec-
ond switch 32 includes a second transistor Q2. In the present
embodiment, both the first switch 31 and the second switch 32
are PMOS transistors. The drain D of the first transistor Q1 1s
connected to an put 211 of the first voltage converter 21.
The gate G of the first transistor Q1 1s grounded by a first
delay capacitance C1. The source S of the first transistor Q1 1s
connected to the power providing unit 10, and 1s also con-
nected to the first voltage detecting circuit 41. The drain D of
the second transistor Q2 1s connected to an input 221 of the
second voltage converter 22. The gate G of the second tran-
s1stor Q2 1s grounded by a second delay capacitance C2, and
1s also connected to the second voltage detecting circuit 42.
The source S of the second transistor Q2 1s connected to the
power providing unit 10.

The first voltage detecting circuit 41 1ncludes a third tran-
sistor Q3 and a fourth transistor Q4. In the present embodi-
ment, both the third transistor Q3 and the fourth transistor Q4
are NPN transistors. The collector C of the third transistor Q3
1s connected to the gate G of the first transistor Q1 by aresistor
R2; the emitter E 1s grounded by a resistor R1; the base B 1s
connected to an output 212 of the first voltage converter 21 by
a resistor R3. The collector C of the fourth transistor Q4 1s
connected to the power providing unit 10 by a resistor R4; the
emitter E 1s grounded by a resistor RS; the base B 1s grounded
by two resistors R6 and R9. A resistor R8 1s interconnected
between the collector C of the third transistor Q3 and the
collector C of the fourth transistor Q4. A resistor R7 1s inter-
connected between the resistor R6 and the power providing
unit 10.

The second voltage detecting circuit 42 includes a fifth
transistor Q5 and a sixth transistor (6. In the present embodi-
ment, both the fifth transistor Q5 and the sixth transistor (06
are NPN transistors. The collector C of the fifth transistor Q5
1s connected to the gate G of the second transistor Q2 by a
resistor R10; the emitter E 1s grounded by a resistor R11; the
base B 1s connected to an output 222 of the second voltage
converter 22 by a resistor R12. The collector C of the sixth
transistor Q6 1s connected to the power providing unit 10 by
a resistor R13; the emitter E 1s grounded by a resistor R14; the
base B 1s grounded by two resistors R15 and R18. A resistor
R17 1s mterconnected between the collector C of the fifth
transistor (3 and the collector C of the sixth transistor Q6. A
resistor R16 1s mterconnected between the resistor R15 and
the power providing unit 10.

The first warning circuit 31 includes a seventh transistor
Q7, a eighth transistor (08, a minth transistor Q9, and a {first
light-emitting diode D1. In the present embodiment, the sev-
enth transistor Q7 1s an NPN transistor. Both the eighth tran-
sistor Q8 and the ninth transistor Q9 are NMOS transistors.
The base B of the seventh transistor ()7 1s connected to the
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collector C of the third transistor Q3; the collector C of the
seventh transistor Q7 1s connected to the power providing unit
10 by aresistor R19; the emitter E of the seventh transistor Q7
1s connected to the collector C of the fourth transistor Q4 by
aresistor R20. Both gates G of the eighth transistor Q8 and the
ninth transistor (Q9 are connected to the collector C of the
tourth transistor Q4. The source S of the e1ghth transistor (08
1s connected to the drain D of the ninth transistor Q9. The
drain D of the eighth transistor Q8 1s connected to the cathode
of the first light-emitting diode D1. The source S of the ninth
transistor (Q9 1s grounded. The anode of the first light-emait-
ting diode D1 1s connected to the power providing unit 10 by
a resistor R21.

The second warning circuit 52 includes a tenth transistor
(10, an eleventh transistor Q11, a twelfth transistor Q12, and
a second light-emitting diode D2. In the present embodiment,
the tenth transistor Q10 1s an NPN transistor. Both the elev-
enth transistor Q11 and the twellith transistor Q12 are NMOS
transistors. The base B of the tenth transistor Q10 1s con-
nected to the collector C of the fifth transistor Q3; the collec-
tor C of the tenth transistor Q10 1s connected to the power
providing umt 10 by a resistor R22; the emitter E of the tenth
transistor Q10 1s connected to the collector C of the sixth
transistor Q6 by a resistor R23. Both gates G of the eleventh
transistor Q11 and the tweltth transistor Q12 are respectively
connected to a node formed between the source S of the
eighth transistor Q8 and the drain D of the ninth transistor Q9.
The source S of the eleventh transistor Q11 1s connected to the
drain D of the twelith transistor Q12. The drain D of the
cleventh transistor Q11 1s connected to the cathode of the
second light- emlttmg diode D2. The source S of the twelith
transistor Q12 1s grounded. Both gates G of the eighth tran-
sistor Q8 and the minth transistor (9 are connected to a node
formed between the source S of the eleventh transistor Q11
and the drain D of the twelfth transistor Q12. The anode of the
second light-emitting diode D2 1s connected to the power
providing unit 10 by a resistor R24.

In use, when the component connected to the output 212 of
the first voltage converter 21 malfunctions, the first voltage
detecting circuit 41 detects a reduction 1n the input voltage of
the base B of the third transistor Q3. The third transistor Q3
turns off, and the voltage of the gate G of the first transistor Q1
becomes higher, the first transistor Q1 also turns off. As such,
the first voltage converter 21 stops work. At the same time, the
seventh transistor Q7, the eighth transistor Q8, and the ninth
transistor Q9 are all turned on, and the first light-emitting
diode D1 emuts light to emit a warning signal. Both gates G of
the eleventh transistor Q11 and the twellth transistor (012
gain a low level voltage, the eleventh transistor Q11 and the
twellth transistor Q12 turn off, the second light-emitting,
diode D2 does not emit light.

When the component connected to the output 222 of the
second voltage converter 22 malfunctions, the second voltage
detecting circuit 42 detects a reduction 1n the input voltage of
the base B of the fifth transistor QS. The fifth transistor Q3
turns oif, and the voltage of the gate G of the second transistor
()2 becomes higher, the second transistor (2 also turns oif. As
such, the second voltage converter 22 stops work. Atthe same
time, the sixth transistor Q6, the tenth transistor Q10, and the
cleventh transistor Q11 are all turned on, and the second
light-emitting diode D2 emits light to signal a warning. Both
gates (G of the eighth transistor Q8 and the ninth transistor ()9
gain a low level voltage, the eighth transistor Q8 and the ninth
transistor Q9 turn off, the first light-emitting diode D1 does
not emit light.

It will be understood that the above particular embodi-
ments 1s shown and described by way of 1llustration only. The
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4

principles and the features of the present invention may be
employed in various and numerous embodiments thereof
without departing from the scope of the invention as claimed.
The above-described embodiments illustrate the scope of the
invention but do not restrict the scope of the invention.

What 1s claimed 1s:

1. A power protection circuit, comprising:

a power providing unit configured for providing power

supply:

a first voltage converter;

a first switch mterconnected between the power providing,

unit and the first voltage converter;

a second voltage converter;

a second switch interconnected between the power provid-

ing unit and the second voltage converter;

a 1irst voltage detecting circuit connected to the first volt-

age converter and the first switch;

a second voltage detecting circuit connected to the second

voltage converter and the second switch;

a first warning circuit connected to the first voltage detect-

ing circuit; and

a second warning circuit connected to the second voltage

detecting circuit;

wherein when the mput voltage of the first voltage detect-

ing circuit drops, the first switch turns off the first volt-
age converter, and the first warning circuit signals a
warning; when the mput voltage of the second voltage
detecting circuit drops, the second switch turns oif the
second voltage converter, and the second warning circuit
signals a warning.

2. The power protection circuit of claim 1, wherein the first
switch comprises a {irst transistor, the second switch com-
prises a second transistor, when the mput voltage of the first
voltage detecting circuit drops, the first switch turns oif the
first voltage converter, when the mput voltage of the second
voltage detecting circuit drops, the second switch turns off the
second voltage converter.

3. The power protection circuit of claim 2, wherein both the
first switch and the second switch are PMOS transistors, the
drain of the first transistor 1s connected to an input of the first
voltage converter, the gate of the first transistor 1s grounded,
the source of the first transistor 1s connected to the power
providing unit, the drain of the second transistor 1s connected
to an mput of the second voltage converter, the gate of the
second transistor 1s grounded, the source of the second tran-
sistor 1s connected to the power providing unit.

4. The power protection circuit of claim 3, wherein the first

voltage detecting circuit comprises a third transistor and a
fourth transistor, both the third transistor and the fourth tran-
sistor are NPN transistors, the collector of the third transistor
1s connected to the gate of the first transistor, the emitter of the
third transistor 1s grounded, the base of the third transistor 1s
connected to an output of the first voltage converter, the
collector of the fourth transistor 1s connected to the power
providing unit, the emitter of the fourth transistor 1s grounded,
the base of the fourth transistor 1s grounded, the collector of
the third transistor 1s connected to the collector of the fourth
transistor.

5. The power protection circuit of claim 3, wherein the
second voltage detecting circuit comprises a {ifth transistor
and a sixth transistor, both the fifth transistor and the sixth
transistor are NPN transistors, the collector C of the fifth
transistor 1s connected to the gate of the second transistor, the
emitter of the fifth transistor 1s grounded, the base of the fifth
transistor 1s connected to an output of the second voltage
converter, the collector of the sixth transistor 1s connected to
the power providing unit, the emitter of the sixth transistor 1s
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grounded, the base of the sixth transistor 1s grounded, the
collector of the fifth transistor 1s connected to the collector of
the sixth transistor.

6. The power protection circuit of claim 4, wherein the first
warning circuit comprises a seventh transistor, a eighth tran-
sistor, a ninth transistor, and a first light-emitting diode, the
seventh transistor 1s an NPN transistor, both the eighth tran-
sistor and the ninth transistor are NMOS transistors, the base
of the seventh transistor 1s connected to the collector of the
third transistor, the collector of the seventh transistor 1s con-
nected to the power providing unit, the emitter of the seventh
transistor 1s connected to the collector of the fourth transistor,
both gates of the eighth transistor and the ninth transistor are
connected to the collector of the fourth transistor, the source
ol the eighth transistor 1s connected to the drain of the ninth
transistor, the drain of the eighth transistor 1s connected to the
cathode of the first light-emitting diode, the source of the
ninth transistor 1s grounded, the anode of the first light-emait-
ting diode 1s connected to the power providing unit.

7. The power protection circuit of claim 5, wherein the
second warning circuit comprises a tenth transistor, an elev-
enth transistor, a twelith transistor, and a second light-emiut-
ting diode, the tenth transistor 1s an NPN transistor, both the
cleventh transistor and the twellith transistor are NMOS tran-
sistors, the base of the tenth transistor 1s connected to the
collector of the fifth transistor, the collector of the tenth tran-
sistor 1s connected to the power providing unit, the emitter of
the tenth transistor 1s connected to the collector of the sixth
transistor, both gates of the eleventh transistor and the twelith
transistor are respectively connected to an node formed
between the source of the eighth transistor and drain of the
ninth transistor, the source of the eleventh transistor 1s con-
nected to the drain of the twelfth transistor, the drain of the
twelith transistor 1s connected to the cathode of the second
light-emitting diode, the source of the twellth transistor is
grounded, the anode of the second light-emitting diode 1s
connected to the power providing unit.

8. The power protection circuit of claim 3, wherein the gate
of the first transistor 1s grounded by a first delay capacitance.

9. The power protection circuit of claim 3, wherein the gate
ol the second transistor 1s grounded by a second delay capaci-
tance.

10. A power protection circuit, comprising:

a power providing unit configured for providing power

supply;

a voltage converter;

a switch interconnected between the power providing unit

and the voltage converter;
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a voltage detecting circuit connected to the voltage con-
verter and the switch; and
a warning circuit connected to the voltage detecting circuait;
wherein when the mput voltage of the voltage detecting
circuit drops, the switch turns oif the voltage converter,
and the warning circuit signals a warning.
11. The power protection circuit of claim 10, wherein the
switch comprises a transistor, when the input voltage of the
voltage detecting circuit drops, the switch turns oif the volt-

age converter.

12. The power protection circuit of claim 11, wherein the
switch 1s PMOS transistor, the drain of the transistor 1s con-
nected to an input of the voltage converter, the gate of the
transistor 1s grounded, the source of the transistor 1s con-
nected to the power providing unit.

13. The power protection circuit of claim 12, wherein the
voltage detecting circuit comprises a first transistor and a
second transistor, both the first transistor and the second
transistor are NPN transistors, the collector of the first tran-
sistor 1s connected to the gate of the PMOS transistor, the
emitter of the first transistor 1s grounded, the base of the first
transistor 1s connected to an output of the voltage converter,
the collector of the second transistor 1s connected to the power
providing unit, the emitter of the second transistor is
grounded, the base of the second transistor 1s grounded, the
collector of the first transistor 1s connected to the collector of
the second transistor.

14. The power protection circuit of claim 13, wherein the
warning circuit comprises a third transistor, a fourth transis-
tor, a fifth transistor, and a light-emitting diode, the third
transistor 1s an NPN transistor, both the fourth transistor and
the fifth transistor are NMOS transistors, the base of the third
transistor 1s connected to the collector of the first transistor,
the collector of the third transistor 1s connected to the power
providing unit, the emitter of the third transistor 1s connected
to the collector of the second transistor, both gates of the
fourth transistor and the fifth transistor are connected to the
collector of the second transistor, the source of the fourth
transistor 1s connected to the drain of the fifth transistor, the
drain of the fourth transistor 1s connected to the cathode of the
light-emitting diode, the source of the {fifth transistor is
grounded, the anode of the light-emitting diode 1s connected
to the power providing unit.

15. The power protection circuit of claim 12, wherein the
gate of the PMOS transistor 1s grounded by a delay capaci-
tance.
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